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ABSTRACT 


The  objective  of  this  program  is  to  develop  a 
solid  propellant  rocket  motor  case  having  the  following 
characteristics s 

1„  A  minimum  diameter  of  40  inches  and  a  length 
to  diameter  ratio  of  2:1, 

g 

2,  An  overall  strength  to  weight  ratio  of  1  X  10 
inch  or  more. 

3.  Utilize  sheet  or  strip  metal  in  condition  of 
maximum  usable  strength  requiring  a  minimum  of 
post  fabrication  heat  treatment. 

The  design  objective  is  being  attained  through 
the  following  program: 

1.  Material  investigation,  evaluation  and  selection, 

2.  Weld  joint  evaluation  of  selected  alloys. 

3,  Design,  manufacture  and  hydrotest  of  20  inch 
diameter  chambers, 

4,  Design,  manufacture  and  hydrotest  of  40  inch 
diameter  prototype  chambers. 


Evaluation  of  twelve  alloys  has  been  completed* 
The  following  alloys  were  selected  for  the  20  inch  diameter 
chambers  based  on  the  data  obtained: 

1,  Ti  13V“llCr-3Al  alloy,  cold  rolled  and  aged  to  a 
minimum  yield  strength  of  210,000  pst* 

2o  207..  nickel  steel  of  a  special  analysis  having  1.7 
titanium  and  0.5  aluminum  in  the  composition. 

This  material  is  cold  rolled  and  aged  to  attain  a 
minimum  yield  strength  of  310,000  psi. 

Both  alloys  are  currently  in  process  at  the  mills. 
An  additional  evaluation  is  being  conducted  on  the  20% 
nickel  steel  to  determine  the  combination  of  cold  reduc» 
tion,  aging  temperature  and  aging  time  that  will  yield 
optimum  tensile  and  fracture  toughness  values.  Evaluation 
of  the  Ti  13V-llCr-3Al  alloy  has  been  limited,  due  to  the 
availability  of  data  obtained  from  other  contractors. 

The  20  inch  diameter  chamber  design  uses  12  inch 
wide  strip  material,  single  thickness,  butt  welded,  with 
the  weld  angle  oriented  11  degrees  to  the  direction  of 
maKimum  hoop  stress.  The  resultant  normal  stress  in  the 
weld,  due  to  pressurization  of  the  cylinder,  will  be  lower 
than  the  as  welded  or  as  welded  and  aged  strength  of  the 


base  metal = 


The  cylinder  is  helical  butt  welded  in  a  fixture 
designed  for  this  program.  Strip  is  fed  continuously 
through  drive  rolls  at  the  proper  helix  angle.  The  TIG 
weld  is  made  at  the  point  where  the  incoming  strip  joins 
the  adjacent  wrapped  section  of  the  cylinder.  Elliptical 
beads  are  cold  formed  using  a  newly  developed  proprietary 
sandwich  draw  technique. 

Delivery  of  strip  for  the  20  inch  diameter  cham¬ 
ber  is  anticipated  during  the  first  quarter  1962,  Based  on 
these  deliveries,  burst  tests  of  the  20  inch  titanium  and 
nickel  steel  chambers  are  scheduled  for  the  same  quarter. 


CONTENT  SUMMARY 


This  is  the  eighteenth  progress  report  covering 
the  work  being  conducted  under  Contract  DA- 36-034-ORD-3296RD 
by  The  Budd  Company,  The  report  includes  the  work  accom¬ 
plished  during  the  quarterly  period  October  Ij  1961  to 
December  31,  1961  and  will  serve  as  the  monthly  progress 
report  for  December,  1961, 

Work  during  the  quarterly  period  was  primarily 
directed  toward  the  manufacture  of  four  20  inch  diameter 
test  chambers,  A  modified  analysis  of  International  Nickel 
Company '■’s  207o  nickel  steel  will  be  used  on  two  test  chambers 
and  two  will  be  fabricated  from  the  Ti  l3V-llCr-3Al  alloy. 
Design  drawings  were  completed  during  the  period  and  are 
included  in  this  report. 

Tooling  for  the  20  inch  diameter  test  chamber  is 
approximately  807,  complete.  The  special  fixture  for  weld¬ 
ing  the  helical  butt  weld  in  the  cylindrical  section  is 
undergoing  tryout. 

Additional  evaluation  of  the  207,  nickel  steel  of 
modified  higher  titanium  analysis  was  initiated  during  the 
quarter.  Using  material  available  from  the  initial  procure¬ 
ment,  we  are  studying  the  effect  on  tensile  and  fracture 


1 


toughness  of  aging  at  temperatures  ranging  from  to 

1000°F  in  50®F  increments  at  3  hourSc  Using  the  optimum 
aging  temperatures,  tensile  and  frac  ture  toughness  speci¬ 
mens  will  be  aged  at  times  of  1,  2  and  4  hours  to  determine 
the  effect  of  aging  time  on  properties.  Available  data  are 
included  in  this  report. 

As  a  second  phase  of  the  207o  nickel  evaluation, 
it  is  planned  to  determine  the  effect  on  mechanical  proper¬ 
ties  and  fracture  toughness  of  various  amounts  of  cold 
reduction.  Approximately  90  pounds  of  material  ordered  for 
the  20  inch  diameter  chambers  will  be  diverted  and  will  be 
processed  to  the  .040  inch  thickness  from  .160  inch  thick 
hot  band  in  reductions  of  307o,  407o,  50%,  607o,  707o  and  757, 
to  final  thickness.  Aging  temperatures  from  800*^F  to 
1000°F  will  be  used  on  material  from  each  reduction  and  the 
effect  on  properties  will  be  determined, 

Ti  13V-llCr-3Al  and  20%  nickel  steel  have  been 
ordered  for  the  four  20  inch  diameter  test  chambers. 

Process  delays  at  the  mills  have  set  back  delivery  estimates 
on  these  materials  until  late  January  or  early  February, 
1962. 


The  research  work  at  Massachusetts  Institute  of 


Technology  on  controlled  ingot  solidification  continued 
during  the  period.  M.  IoT„  report  numbers  3,  4  and  5,  cover¬ 
ing  work  accomplished  during  October,  November  and  December, 
1961,  are  included  herein, 

MATERIAL  EVALUATION 

General  Discussion  of  20%  and  25%.  Nickel  Steels, 

High  Titanium  Composition _ 

The  basic  characteristics  of  the  20%.  and  25%, 
nickel  steels  were  discussed  in  Report  No,  4,  issued 
in  November,  1960,  The  compositions  of  these  materials 
are  shown  in  Table  1.  At  that  time,  these  analyses 
were  considered  to  be  "standard”  and  compared  reason* 
ably  well  with  the  compositions  of  most  of  the  high 
nickel  steels  being  evaluated  by  other  investigators. 

Additional  discussion  and  test  data  of  these 
two  grades  may  be  found  in  subsequent  reports.  The 
25%  nickel  alloy  was  covered  in  Report  No,  9,  April, 
1961  and  discussion  of  the  207o  nickel  and  25%,  nickel 
steels  may  be  found  in  Report  No,  11,  June,  1961, 

As  our  own  test  results  became  available,  as 
well  as  test  data  from  other  investigators,  it  became 
apparent  that  the  "standard”  analysis  would  not  be 


adequate  for  the  strength  level  required  by  our  design 
concept.  Therciforeg  after  consultation  with  The 
International  Nickel  Company^  we  adopted^  at  their 
suggestions  a  modified  composition  of  both  the  20%  and 
257o  nickel  grades  which  they  felt  could  be  processed 
to  the  required  s^**ength  levels.  The  modification  of 
the  analyses  consisted  primarily  of  an  increase  in  the 
hardener  element  content.  These  elements  are  titaniums 
aluminum  and  columbium.  In  additions  elements  known 
to  have  adverse  effectSg  such  as  silicon  and  manganese^ 
were  reduced  to  lower  allowable  percentages.  Boran 
and  zirconium  in  small  amounts  were  added  for  other 
effects.  The  compositions  of  the  modified  grades  are 
also  shown  in  Table  1^  where  comparison  with  the 
"standard"  analyses  can  be  made. 

Material  of  each  grade  was  purchased  from 
Allegheny-Ludlum  Corporation  as  the  product  of  2000 
pound  ingots.  Both  the  207<,  and  257o  nickel  heats  were 
vacuum  induction  primary  melted  and  vacuum  consumable 
electrode  re-melted.  Approximately  1200  pounds  of 
finished  product  were  realized  from  each  beat. 
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The  materials  were  received  in  various  gages  and  con¬ 
ditions,,  as  shown  below: 


Thickness  -  Inches 

207.  Ni 

207.  Ni 

0*125 

Annealed 

Annealed 

0,075 

Annealed 

Annealed 

0*075 

Cold  Rolled* 

Cold  Rolled* 

0,032 

Cold  Rolled* 

Cold  Rolled* 

*Cold  rolled  to  657o  reduction* 

All  the  stock  was  rolled  to  19  inch  wide 
strip  and  supplied  in  approximately  100  inch  cut 
lengths* 

The  properties  of  each  grade  and  the  test 
data  will  be  separately  discussed  in  the  following 
sections, 

207o  Nickel  Steel.  Highj  Titanium  Modification 

The  0,125  inch  thick  20%  nickel  sheet  stock 
was  initially  used  to  establish  heat  treating  proce= 
dures*  Two  treatments  were  developed,  based  on 
procedures  used  for  other  analyses  of  the  basic  20% 
nickel  alloy.  In  an  attempt  to  develop  maximum 
strength,  the  following  treatments  were  used: 
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A  »  1.  Material  in  the  1500*^  annealed  condition, 

2,  Cool  at  ~100°Fp  16  hours  minimum;  air  warm. 

3,  Mar-age  at  SSO^F*  1  hour;  air  cool, 

B  -  1,  Re=anneal  at  ISQO^F^  15  minutes;  cool  In  furnace 
to  1100°Fj  8  hours;  air  cool, 

2,  Cool  at  -lOO^Fs  16  hours  minimum;  air  warm, 

3,  Mar-age  at  850°F,  1  hour;  air  cool. 

Tensile  test  results  of  the  0,125  inch  thick 
sheet  stock  after  receiving  the  above  treatments  showed 
that  the  material  was  in  an  extremely  high  strength 
conditions  but  possessing  low  toughness.  Difficulty 
was  experienced  in  the  handling  of  test  specimens. 

The  0, 125  inch  thick  material  sheared  gripping  pins 
and  failed  in  areas  other  than  in  the  gage  length. 
Specimens  that  did  fail  in  the  gage  length  exhibited 
no  yielding  prior  to  fracture. 

The  heat  treatments  were  altered  to  reduce 
the  hardening  response  and  to  develop  tensile  yield 
strengths  in  the  vicinity  of  300^000  to  310^000  psi. 
Another  group  of  0,125  inch  thick  tensile  specimens 
were  heat  treated^  according  to  the  following  proce¬ 
dures  s 
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A  <-  1.  Material  in  the  1500*^F  annealed  condition, 

2,  Cool  at  -100°F,  16  hours  minimumi  air  warm, 

3.  Mar-age  at  900°F,  1  hour;  air  cool, 

B  -  1,  Re-anneal  at  ISOO^F,  15  minutes,  cool  in  fur¬ 
nace  to  1150°F,  8  hours;  air  cool, 

2,  Cool  at  -lOO^F,  16  hours  minimum;  air  warm, 

3,  Mar-age  at  950*^F,  2  hours;  air  cool. 

The  response  to  these  heat  treatments  was 
much  more  satisfactory,  with  the  isothermal  treatment 
(Type  R),  developing  significantly  better  ductility  at 
a  higher  strength.  These  data  may  be  seen  in  Table  2, 
The  mill  annealed  properties  of  the  0,125  inch  and 
0,075  inch  material  are  shown  in  Table  3, 

After  processing  the  0,125  inch  material, 
the  heat  treatments,  which  had  been  found  acceptable, 
were  applied  to  the  0,075  inch  annealed  207,  nickel. 
Tensile  specimens  and  center  notched  fracture  energy 
specimens  were  made  and  tested.  The  heat  treatments 
used  are  shown  above  on  this  page.  Table  4  shows  the 
tensile  properties  and  Tables  5  and  6  show  the  fracture 
energy  data  of  the  0,075  inch  thick  specimens. 
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MECHANICAL  PROPERTIES  OF  EO^o  NICKEL  STEEL 
HIGH  Ti  COMPOSITION 
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MECHANICAL  PROPERTIES  OF  20%  JNICKEL  STEEL 
HIGH  Ti  COMPOSITION 
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nSCHANICAL  PROPERTIES  OF  NICKEL  STEEL 

HIGH  Ti  COIIPOSITION 
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TABLE  4  1-62 


fractube  Energy  properties  of  ?o%  i'^igkel  steel 

HIGH  Ti  COMPOSITIOJN 

Center  Notched  SpeciniGn 
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FRACTURE  ElfflEGY  PROPERTIES  OF  ?(#  NICKEL  STEEL 
high  Ti  COra?OSITION 
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The  tensile  strengths  of  the  0o075  inch 


material  are  higher  than  the  similarly  treated  0.125 
inch  stock.  Both  the  straight  aging  process  and  the 
isothemal  treatment  developed  yield  strengths  in  ex¬ 
cess  of  300^000  psi. 

The  fracture  toughness  as  indicated  by 
values  indicates  that  the  isothermally  treated  speci¬ 
mens  exhibit  from  327o  to  447,  better  toughness  than  the 
straight  aged  material.  Howeverj,  the  straight  aged 
material  was  at  a  greater  strength  level.  The  apparent 
improvement  obtained  with  the  isothermal  aging  treat¬ 
ment  will  be  more  fully  investigated  in  the  next 
quarter. 


We  had  also  ordered  and  received  207.  nickel 
steel  (high  Ti  composition)  in  the  cold  rolled  condi¬ 
tion.  Limited  mill  tensile  testing  of  cold  rolled 
sheet  stock  had  indicated  that  a  657o  reduction  was  the 
most  suitable  for  both  the  207.  and  257o  nickel  alloys. 
Thereforej  we  requested  0.075  inch  and  0.032  inch 
material  cold  reduced  to  that  amount.  Final  heat 
treated  properties  obtained  by  the  mill  were  based  on 
aging  at  850°F  for  2  hours. 
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The  cold  rolled  material  was  aged  in  our  own 
plant  at  850°F  for  3  hours.  Both  tensile  specimens 
and  center  notched  fracture  energy  specimens  were 
tested.  The  tensile  properties  and  hardness  are  shown 
in  Table  7^  and  the  fracture  energy  data  of  similarly 
treated  material  are  shown  in  Tables  8  and  9, 

The  lighter  gage  sheet  exhibited  higher 
tensile  strength  in  both  the  longitudinal  and  trans¬ 
verse  directions.  The  fracture  toughness  and  ductil¬ 
ity  of  the  heavier  material  was  greater. 

In  order  to  more  fully  understand  the  effect 
of  aging  time  and  temperatures ,  a  testing  program  was 
set  up  using  tensile  and  fracture  energy  specimens. 

The  specimens  were  made  from  the  0,032  inch  thick  cold 
rolled  material  and  were  aged  in  fifty  degree  incre¬ 
ments  from  750°F  to  lOOO^Fj,  for  3  hours.  Specimens 
were  also  aged  at  950°F  for  2  and  4  hours  to 
evaluate  the  effect  of  aging  timOp  at  a  given  tempera¬ 
ture,  The  tensile  test  data  are  shown  in  Tables  10 
and  llj  and  are  graphically  shown  in  Figure  Numbers  1 
and  2,  The  valueSp  representing  fracture  tough¬ 
ness  will  be  found  in  Tables  12  and  13, and  plotted 
versus  aging  temperatures  in  Figure  No,  3. 
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FRACTURS  JiIKERGY  DATA  OP  NI' 

HIGH  Ti  COFIPOSITION 
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■lECHANICAL  PRO.REHTIES  OF  ?0%  NICKEL  STEEL 
HIGH  Ti  Composition 
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hechaitical  propskties  of  2096  nickel  steel 

HIGH  Ti  COIffOSiTION 
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TENSILE  STRENGTH- 1000 Psi 
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FRACTURE  ENERGY  DATA  OF  209^  NICKEL  STEEL 
HIGH  Ti  COMPOSITION 

Heat  No.  25579'-^l 
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FRACTURil  i!;Ki!;RGY  DATA  OF  20%  NK’KEL  STEEL 
HIGH  Ti  COMPOSITION 

Heat  No.  23579“ 

Roiled  65%  ,  0.052"  Gage 
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XlO  PSIJ  INCH 


THE  BUDD  COMPANY 

CHCCKtO  BYi 

- }  PRODUCT  DEVELOPMENT 

^  PMILADILPHIA,  PA. 

OATIi 

|Kci  VS  aging  TEMP(3  hours) 

The  data  show  that  when  aged  at  950°F  for  3 
hours*  the  longitudinal  yield  strength  is  at  the  level 
we  expect  to  use  for  rocket  motor  case  construction. 
Therefore*  additional  tests  were  made  to  evaluate  the 
effects  of  time  at  this  particular  temperature.  The 
results  of  this  work  are  shown  in  the  tensile  data  in 
Table  14*  repeated  graphically  in  Figure  No,  4  and  by 
the  fracture  energy  values  shown  in  Table  15  and  in 
Figure  No,  5* 

With  the  limited  test  values  it  appears  that 
the  most  favorable  aging  temperature  is  950°F  (or 
slightly  higher)  for  material  which  has  been  cold 
reduced  657o,  After  aging  at  this  temperature*  the 
tensile  yield  strength  is  at  the  design  level  of 
between  305*000  and  315*000  psi*  and  the  minimum 
toughness  condition  of  both  the  longitudinal  and 
transverse  specimens  is  avoided. 

Figure  No,  4  shows  that  the  maximum  strength 
is  reached  after  aging  one  hour  or  less*  but  in  this 
condition  the  ductility  and  toughness  are  much  reduced. 
The  longer  aging  times  of  3  and  4  hours  reduces  the 
strength  but  markedly  improves  the  ductility  and 
moderately  improves  the  fracture  toughness.  During  the 
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next  quarter  we  will  investigate  the  effect  of  aging 
at  longer  times, 

25%  Nickel  Steel  High  Titanium  Modification 

The  heat  treating  procedures  for  the  modl=» 
fied  25%  nickel  steel  were  determined  by  the  process^- 
ing  and  testing  of  the  0,125  inch  thick  material.  The 
two  heat  treatments  that  were  initially  used  for 
tensile  specimens  only  are  as  follows, 

A  =  1,  Material  in  the  1500*^  annealed  condition, 

2,  Aus-age  at  llOO^Fj,  16  hours;  air  cool, 

3,  Cool  at  -lOO^Fj,  16  hours  minimum;  air  warm, 

4,  Mar=.age  at  800*^Fs,  1  hour;  air  cool, 

B  ■=  1,  Macerial  in  the  1500°F  annealed  condition, 

2,  Aus<=age  at  1200°F5,  8  hours;  air  cool, 

3,  Cool  at  -lOO^Fg  16  hours  minimum;  air  warm, 

4,  Mar-age  at  800°Fs,  1  hour;  air  cool, 

5,  Cool  at  ">100°Fs>  16  hours  minimum;  air  warm, 

6,  Mar-age  at  850°Fp  1  hour;  air  cool. 

The  first  treatment  is  similar  to  the  double 
age  used  for  "standard"  analysis  material.  The  second 
treatment  uses  a  double  sub-zero  cool  and  age  in  an 
attempt  to  lessen  the  chance  of  retained  austenite. 


In  previous  work  with  material  of  the  more  "standard" 
analysis,,  difficulty  was  encountered  in  bringing  about 
a  complete  transformation  of  the  austenite  to  marten^ 
site.  The  properties  of  material  mill  annealed  at 
1500°F  are  shown  in  Table  16,  The  results  of  the 
above  heat  treatments  are  shown  in  Table  17. 

The  first  heat  treatment  did  not  properly 
prepare  the  material  for  transformation.  Very  little 
martensite  was  formed  after  aus -aging  at  1100°F  for  16 
hours.  On  the  other  hand^  the  1200°F  aus-age  followed 
by  a  double  sub-zero  cool  and  double  mar-age  resulted 
in  very  high  hardness  and  an  embrittled  condition. 

The  tensile  specimens  from  the  second  heat  treatment 
fractured  without  showing  any  measurable  yield  point 
elongation. 

The  heat  treatments  were  modified  and  new 
0.125  inch  thick  specimens  were  prepared  and  tested. 
The  adjusted  heat  treatments  were  as  follows s 
A  =  1,  Material  in  the  1500°F  annealed  condition, 

2,  Aus-age  at  1200*^F5,  8  hours;  air  cool. 

3,  Cool  at  -100^9  16  hours  minimum;  air  warm, 

4,  Mar-age  at  900^#  2  hours;  air  cool. 
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o  Anneal  at  1600°Fp  15  minutes;  air  cool. 

2.  Aus-age  at  llSO^Fp  8  hours;  air  cool. 

3.  Cool  at  "lOO^^Fp  16  hours  minimum;  air  warm. 

4.  Mar-age  at  SSO^^Fj  2  hours;  air  cool. 

The  tensile  properties  obtained  from  these 
treatments  are  shown  in  Table  18.  The  high  aus-aging 
temperature  of  1200°F  developed  uniformly  high  strength 
despite  the  use  of  a  higher  mar-aging  temperature. 

The  second  treatment  produced  low  strength, 
caused  by  the  excess  retention  of  austenite.  Complete 
transformation  may  have  been  hampered  by  the  1600°F 
anneal  or  by  the  failure  of  the  1150*^F  aus-age  to 
properly  unstabilize  the  austenite  in  the  8  hours 
allowed. 


The  0.075  inch  sheet  stock  was  then  used  in 
making  tensile  and  fracture  energy  specimens.  We 
expected  that  the  previous  heat  treating  work  would 
indicate  the  most  suitable  schedules.  The  revised 
heat  treatments  for  the  0.075  inch  material  are  shown 


as  followsi 
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A  =  1,  Material  in  the  1500*^F  annealed  condition. 

2.  Aus=age  at  1200^Fj  8  hours*  air  cool. 

3.  Cool  at  -100*^,  16  hours  minimum*  air  warm, 

4.  Mar-age  at  900°?^.  2  hours ;;  air  cool. 

B  -  1.  Material  in  the  1500^  annealed  condition, 

2.  Aus-age  at  1200°Fs>  8  hoursj  air  cool. 

3.  Cool  at  ->100°F(,  16  hours  minimum;  air  warm, 

4.  Mar-age  at  900^9  2  hours;  air  cool, 

5.  Cool  at  -lOO^Fj  16  hours  minimum;  air  warm. 

6.  Mar-age  at  950°Fs  2  hours;  air  cool. 

The  tensile  properties  of  the  0.075  inch 
material  are  shown  in  Table  19,  The  values^ 
measuring  the  fracture  toughness,  of  identically 
heat  treated  specimens  are  shown  in  Table  20, 

Although  the  same  heat  treatments  bad 
developed  satisfactory  properties  in  the  0.125  inch 
material,  the  properties  of  the  0,075  inch  specimens 
were  much  lower  than  had  been  anticipated.  All  the 
material  is  of  the  same  heat  and  had  been  similarly 
mill  processed.  The  double  sub-zero  cool  and  age 
improved  the  properties  slightly  but  did  not  develop 
the  strength  capability  of  this  composition.  Again, 
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FRACTURE  EWEEGY  DATA  OF  ?.y/o  NICKEL  STEEL 
HIGH  Ti  COnEOSiTION 
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this  is  a  case  of  retained  austenite  as  is  evidenced 
by  the  large  spread  between  the  yield  and  ultimate 
tensile  strengths.  AlsOp  the  load»deforination  dia¬ 
grams  shown  on  Figures  Numbers  6  and  7g  indicate  the 
presence  of  austenite  by  the  shape  of  the  curves.  The 
GLAL-8  and  GLAT-8  specimens  are  properly  transformed 
(see  Table  18  for  properties) »  whereas  the  GlAL-3  and 
GLAT-2  have  a  significant  amount  of  austenite  in  the 
microstructure.  This  is  indicated  by  the  shape  of  the 
curve  from  the  proportional  limit  to  beyond  the  yield 
point.  In  this  particular  instance  the  Indication  is 
not  very  distinct. 

Based  on  the  work  done  to  dates,  most 
reliable  heat  treatment  for  this  particular  analysis 
of  the  257o  nickel  steel  would  be  as  follows? 

1,  Material  in  the  1500°F  annealed  condition. 

2o  Aus-age  at  1250°Fp  8  hoursj  air  cool. 

3,  Cool  at  -lOO^Fj,  16  hours  minimum;  air  warm, 

4.  Mar-age  at  900°Fp  2  hourSj,  air  cool. 

The  0.075  inch  material  was  also  purchased 
in  the  cold  rolled  condition.  The  strip  had  been  65% 
cold  reduced  by  the  mill  and  was  shipped  in  the  "as- 


roiled  condition.  Tensile  and  center  notched  fracture 


energy  specimens  were  prepared j  and  after  sub-zero 
coolings  were  aged  at  850^  for  3  hours.  The  cold 
rolled  and  aged  tensile  properties  and  fracture  tough¬ 
ness  are  shown  in  Tables  21  and  22,  respectively. 

Experience  has  shown  that  cold  reduction 
causes  the  metastable  austenite  to  transform  to 
martensite,  and  a  gain  in  properties  and  hardness  is 
realized.  However,  this  alloy  does  not  exhibit  much 
work  or  strain  hardening,  and  therefore,  cold  reduc¬ 
tion  in  excess  of  what  is  needed  for  relatively 
complete  transformation  adds  little  to  the  strength. 
The  sub-zero  cool  at  -100*^F  is  used  to  guarantee 
complete  transformation  in  preparation  for  final  mar- 
aging. 


The  tensile  properties  of  the  cold  rolled 
and  aged  257.  nickel  steel  are  considerably  lower  than 
the  similarly  treated  207.  nickel  alloy.  This  is 
attributed  to  the  fact  that  the  207.  nickel  steel  is 
martensitic  as  annealed  and  the  cold  reduction  work 
hardens  the  martensite.  The  entire  657o  reduction  is 
used  in  this  effort,  wnereas  with  the  257.  nickel  grade 
part  of  the  reduction  is  consumed  in  inducing  trans¬ 
formation,  with  the  remainder  used  to  strain  harden 
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TABLE  21 


FRACTURE  ENERGY  DATA  OF  2%  NICKEL  STiUEL 
HIGH  Ti  COMPOSITION 
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the  martensite. 


No  additional  testing  was  done  with  the  257o 
nickel  material.  In  the  interim  we  had  made  a  decision 
to  concentrate  our  efforts  on  the  evaluation  of  the  207. 
nickel  steel.  Therefore*  although  limited  work  with 
the  257«  alloy  leaves  a  number  of  unanswered  questions, 
we  do  not  intend  to  do  any  additional  testing  at  this 
time. 
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JLS  300  Fracture  Toughness 

The  fracture  toughness  data  on  the  cold 

rolled  JLS  300  alloy  were  inadvertently  omitted  when 

the  results  of  the  testing  of  that  alloy  were  published. 

These  values  are  shown  in  this  report  in  Table  23 » 

The  fracture  toughness^  as  indicated  by  K  values^  is 

Oi. 

exceptionally  high  in  the  longitudinal  direction  for 
material  at  a  344^,000  psi  yield  strength.  The  tough¬ 
ness  of  the  lower  strength  transverse  direction  is 
less,  Howeverg  these  values  are  reasonably  highg  as 
compared  with  other  alloys  at  an  equivalent  strength 
level. 


In  a  design  where  low  strength  annealed 
welds  could  be  toleratedj,  the  JLS  300  stainless  steel 
could  prove  highly  desirable.  The  weld  nugget  and 
heat  affected  zones  develop  properties  similar  to 
annealed  Type  301  stainless  steel.  In  our  present 
rocket  motor  case  design  we  require  welds  which  possess 
yield  strengths  equal  to  from  60  to  757.  of  the  base 
metal  yield  strength.  For  this  reason^  the  JLS  300 
alloy  was  not  selected  for  further  consideration. 
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WELDING  OF  207o  NICKEL  STEEL 


An  excensi.ve  study  has  been  initiated  to  evaluate 
the  welding  characteristics  of  the  high  Ti  modification  of 
the  20%  nickel  alloy„  Tungsten  Inert  gas  (TIG)  arc  welding 
has  been  used  to  weld  material  in  the  following  conditions: 

0o032  inch  «  „  „  cold  rolled  65% 

0,032  inch  ,  ,  ,  ,  cold  rolled  and  aged 

0,075  inch  ,  ,  .  ,  annealed 

0.075  inch  ,  „  ,  ,  annealed  and  aged 

Tensile  testing  will  be  done  with  specimens  in 
the  "as-welded"  condition  and  in  various  post  welding  heat 
treated  conditions.  The  specimen  will  be  made  with  the 
weld  perpendicular  to  the  direction  of  tensile  loading. 

This  specimen^  similar  to  the  base  metal  tensile  specimen^ 
is  shown  in  drawing  No,  2434-00039  previously  published  in 
Report  No,  69  issued  in  January's,  1961,  In  additions  we 
plan  to  design  and  use  center  notched  specimens  to  measure 
the  fracture  toughness  of  various  regions  of  the  weld  zone. 

Automatic  welding  has  been  done  using  6  inch  X 
13  inch  test  sections  with  the  weld  along  the  long  edge,  A 
square-edge  butt  joint  was  used  with  both  the  0,032  inch 
and  0,075  inch  material.  The  cold  rolled  material  was 
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degreased  with  acetone  before  welding.  The  area  to  be  weld¬ 
ed  of  the  annealed  and  aged  material  was  wire  brushed  to 
remove  the  oxidized  surface.  This  was  followed  by  polishing 
with  120  grit  and  400  grit  emery  papers.  The  surfaces  were 
finally  cleaned  with  acetone. 

At  this  time  we  have  only  used  a  matching  analysis 
filler  wire.  We  expect  delivery  of  two  modified  composi¬ 
tions  in  early  February.  The  modified  types  will  have 
lower  percentages  of  the  hardening  element Sg  Ti  and  Al,  In 
addiciong  one  type  will  contain  lo57o  Mo.  The  International 
Nickel  Company  has  also  promised  to  send  us  a  small  quant¬ 
ity  of  the  187o  nickel,  87o  cobalt g  57o  molybdenum  wire  for 
our  evaluation. 

The  welding  schedules  found  to  be  optimum  for  the 
0.032  inch  and  0,075  inch  material  are  shown  in  Figure  No. 

8.  When  this  material  Is  welded  in  other  conditions  and 
gageSg  the  changeSg  if  any^  in  the  basic  schedules  will  be 
reported. 


The  arc  welding  study  has  shown  that  the  variables 


which  are  most  important  are  heat  input g  restraints  and 
shielding.  The  thermal  conditionSg  produced  by  weld  cur¬ 
rent  and  location  of  chill  bars  is  critlcalg  with  weld  bead 
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cracking  occurring  if  the  heat  is  too  high  and  the  chilling 
too  drastic*  This  was  overcome  by  careful  selection  of 
welding  currents  widening  of  the  backup  groove 3  and  wide 
spacing  of  the  copper  hold-down  bars.  It  was  also  found 
that  rigid  restraint  made  the  weld  more  sensitive  to  center- 
line  cracking. 

Adequate  shielding  with  argon  or  helium  is  most 
important  because  of  the  high  titanium  and  aluminum  con¬ 
tent  of  the  alloy.  Figure  No.  9  is  a  photograph  of  a  weld 
in  the  0.032  inch  material  which  shows  the  presence  of 
oxide  patches  on  the  surface  of  the  weld.  With  an  extreme¬ 
ly  careful  setup  to  insure  the  elimination  of  air  from  the 
surface  of  the  molten  metalj,  we  have  produced  welds  with 
less  oxide  than  is  shown  on  this  sample.  A  trail  cup  is 
essentials,  in  the  welding  of  this  materials,  to  minimize  the 
oxidation  of  the  semi-molten  and  solidifying  deposit. 

Dye-penetrant  and  radiographic  inspection  showed 
the  final  welds  to  be  free  from  internal  defects.  Gas 
porosity  was  not  seen  in  any  of  the  radiographs.  Scattered 
tungsten  inclusions  of  very  small  size  were  the  only  defects. 
Crater  cracks  were  found  at  the  end  of  the  welds^  but  these 
were  removed  from  the  test  section. 
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The  microbardress  variation  across  the  weld  zone 
of  0.075  inch  thick  annealed  and  welded  material  is  shown 
in  Figure  No.  10,  Figure  No.  11  shows  the  microhardness 
traverse  after  sub-zero  cooling  and  aging  at  950^F  follow¬ 
ing  the  welding.  It  is  significant  to  note  that  the  vast 
differences  in  hardness  in  the  annealed  and  welded  condition 
are  largely  eliminated  after  the  moderate  heat  treatment. 

A  complete  survey  of  the  relationships  of  pre-weld  and  post¬ 
weld  treatments*  and  the  effect  of  these  treatments  on 
microstructure  and  tensile  properties  is  now  being  made. 

This  work  will  be  fully  discussed  in  the  next  quarterly 
report . 

20  INCH  DIAMETER  TEST  CHAMBERS 

Design  drawings  have  been  prepared  for  the  20  inch 
diameter  test  chambers.  Figure  No.  12 »  drawing  B2434-0169s 
shows  the  design  employing  20%  nickel  steel*  and  having  one 
elliptical  head  and  one  flat  test  plate.  Figure  No,  13* 
drawing  32434-0165*  shows  the  design  using  Ti  13V=llCr-3Al 
alloy  and  having  one  elliptical  head  and  one  flat  test 
plate.  The  elliptical  heads  will  be  over- strength  with  the 
cylindrical  section  tapered  to  match  the  chamber  cylinder 
thickness.  Since  the  primary  purpose  of  these  first  tests 
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MICRO  HARDNESS  TRAVERSE 


WELD  CROSS  SECTION 
KENTRON  micro  HARDNESS  TESTER 
DIAMOND  PYRAMID  PENETRATOR 


SPEC.NO  — MQ - - W ELD  TYPE  -  ■  - -TIg _ MAG _ 

ETCHANT  -  -‘5<t.?errie  rhloridp _ _ _ 

MATERIAL  20i  N1  steel  (Hlffh  T1  r,rad/>)j  0.07-;” _ 

CONDITION  _ Annealed  ajid  velded.  _ _ _ 

WELD  SIZE  ■  0,220"  Top,  0.140"  Bottom _ 

FIG. 
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DIAMOND  PYRAMrO  HARDNESS 


is  to  prove  the  cylinder  design  concept „  we  are  providingg 
as  a  backups  an  alternate  20  inch  test  unit  in  the  event  of 
a  serious  delay  in  the  procurement  of  elliptical  heads. 
Figure  No,  14 ^  drawing  52434=0207 g  shows  the  flat  end  test 
for  20%  nickel  chambers  and  Figure  No,  15 g  drawing  B2434« 
0208s  is  the  design  for  Che  Ti  13V-llCr-3Al  chambers. 

Strip  materials  on  order  for  the  20  inch  diameter 
test  chambers  have  been  delayed  in  shipment  due  to  diffi<= 
culties  encountered  during  processing  at  the  mill.  The 
Ti  l3V-llCr=3Al  alloy  ordered  from  Titanium  Metals  Corpora¬ 
tion  is  presently  expected  in  late  January g  1962,  The  207o 
nickel  steel  on  order  with  Allegheny-Ludlum  is  expected  by 
mid  February g  1962, 

The  helical  butt  welding  of  the  cylindrical  seC“ 
tion  will  be  accomplished  in  a  specially  designed  fixture. 
Figure  No,  16  is  a  photograph  of  this  fixture.  The  tryout 
of  this  fixture  was  basically  complete  during  the  quarter 
using  the  ToI,G,  welding  process.  Figure  No,  17  is  a 
photograph  of  a  20  inch  diameter  AM355  steel  cylinder  made 
during  tryout  in  which  eleven  inch  wide  strip  was  used. 
Continued  work  with  the  selected  207,  nickel  and  Ti  13V=llCr-^ 
3A1  alloys  will  be  done  upon  receipt  of  these  materials 


from  the  mills 
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20  INCH  DIAMETER  HELICAL  BUTT  WELDED  CYLINDER 
TRYOUT  PIECE  USING  II  INCH  WIDE  AM355  STRIP,  AT  270,000  PSI 


Post -weld  sizing  of  the  cylindrical  section  will 
be  done  on  a  Grotnes  hydraulic  expander  instead  of  employe 
ing  a  sizing  plugj,  as  reported  in  Report  No.  15 o  The 
decision  to  make  this  change  was  based  on  availability  of 
existing  sizing  shoes  plus  the  greater  dimensional  control 
possible  using  the  hydraulic  expander. 

The  Ti  ISV-llCr-SAl  elliptical  beads  for  the  20 
inch  diameter  chamber  were  formed  in  a  double  action 
hydraulic  press  employing  a  proprietary  sandwich  method 
developed  by  The  Budd  Company.  Figure  No.  18  is  a  photo¬ 
graph  of  this  head  and  cover  sheets  after  forming  and 
separation.  A  36”  diameter  thin  wall  Type  321  S.S. 
hemisphere,  formed  in  a  similar  manner  for  an  atmospheric 
Satellite  application,  is  shown  in  the  center  background. 
The  manufacture  of  the  20%  nickel  steel  heads  is  delayed 
pending  receipt  of  material. 

The  head  will  be  joined  to  the  cylindrical  sec¬ 
tion  using  the  TIG  welding  process  and  employing  a  fixture 
shown  in  Figure  No.  199  drawing  T2434-0217.  This  fixture 
is  designed  to  insure  alignment  of  the  head  and  shell j, 
minimum  possible  mismatch  at  the  weld  joint,  and  adequate 
gas  backup  and  chill  for  the  welding.  Inspection  of  weld 
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20  INCH  DIAMETER  .071  THICK  ELLIPTICAL  HEAD  AND  COVER  PLATES 

Ti  13V-llCr-3AI  ALLOY 


— .„!.jiawna«* - - 


mismatch  in  the  helical  butt  weld  of  the  cylindrical  sec¬ 
tion  and  in  the  head  to  shell  joint  will  be  accomplished 
using  the  gage  shown  in  Figure  No,  20;,  drawing  D2434-0213. 

ANALYSIS  OF  20  INCH  DIAMETER  TEST  CHAMBERS 


For  purposes  of  analysis^  the  test  chamber  may  be 
divided  into  three  principal  sections  ■=  they  are, 

1,  Cylindrical  section  -  helical  butt  welded  single 
thickness, 

2o  Short  tapered  cylinder  =»  at  end  of  the  cylindrical 
section, 

3,  Elliptical  head. 

Figure  Numbers  21  and  22  are  charts  showing  the 
location  and  magnitude  of  the  principal  stresses  calculated 
for  the  20  inch  diameter  test  chamber.  Figure  No,  21  shows 
values  for  the  Ti  13V-llCr“3Al  alloy  chamber  having  a  wall 
thickness  of  ,0625  and  a  material  yield  strength  of  2IO9OOO 
psio  Pressure  to  attain  a  hoop  stress  in  the  cylinder 
equal  to  the  yield  strength  is  1260  psi.  Figure  No,  22 
shows  values  for  the  207,  nickel  steel  chambers  with  a  yield 
strength  of  310s 000  psi.  Pressure  to  develop  a  hoop  stress 
equal  to  the  yield  strength  is  1240  psi.  In  each  case  the 
material  thicknesses  and  strength  levels  are  equivalent  to 


20"  DIAMETER  TEST  CHAMBER 
Til3V-llCR-3AL-AuL0Y 

summary  of  principal  calculated  stresses  and  PROPERTIEIS 
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20  DIAMETER  TEST  CHAMBER 
207c  NICKEL  STEEL 

JMy:ARYCF  principal  CALCULATED  STRESSES  AND  MAIL  PROPERTIES 


5C0NTINUITY  STRESSES  IN 
TAPPPED  cylinder 
iocr  ^ 


HOOP 

STRESSES 


if 

[7^  .ocf 

\ 


lCN6ITuOINAL 

STRESSES 


\  / 
\  / 


INCHES 


-tapered  Cylinder- 


uniform  Cylinder 


ElLIPTiCA;.  header 
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AS 
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170,000 


WELD 

SUB-ZERO  cool'd 
AGED 
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FIGURE  22 


the  prototype  40  inch  diameter  chamber. 

The  cylindrical  section  is  subjected  primarily  to 
membrane  stress,  except  near  the  ends  of  the  cylinder  where 
secondary  stresses  due  to  discontinuities  are  present,  k 
gradual  taper  is  introduced  at  the  cylinder  ends  to  relieve 
these  discontinuity  effects.  The  stresses  in  the  tapered 
section  are  discussed  later  in  this  section. 

Symbols  used  in  this  discussion  are  shown  in 
Figure  Numbers  23  and  24, 

For  a  specific  material  in  the  "as-welded" 
condition  the  yield  theory  which  most  closely  approximates 
actual  behavior  was  chosen  as  follows:  A  group  of  speci¬ 
mens  were  tested  uniaxially  at  different  ratios  of  normal 
to  shear  stresses  (different  weld  line  angles),  A  plot  of 
the  data  results  in  a  curve  shown  in  Figure  No,  25,  The 
coefficient  (a)  in  the  following  expressions  is  determined 
from  this  curve. 
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The  mathematical  theory  used  is  as  follows s 


A.  Stress  orientation  in  uniaxial 
tensile  test _ 


The  maximum  shear  stress  theory  is  given  by; 


and  the  distortion  energy  theory  is  represented  by; 


or  by  substituting  a  coefficient  (a),  both  equations 
can  be  written  as 


A  plot  of  equations  (1)  and  (2)  yields  the  following 


type  curves; 
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C.  Applied  to  Cylinder  Design; 


let: 


=  hoop  stress 

0'p=  yield  strength  of  parent  metal 


then: 


where  at  equilibrium: 


I 


T  -  (sin  20) 

and  the  assumed  yield  criteria  is: 


where  (a)  is  adjusted  to  fit  the  data. 


In  terms  of  the  hoop  stress  and  helix  angle,  equa¬ 
tion  (4)  may  be  rewritten  as  follows: 

er^  _ _ _ 

,|(ltSIN20^^  +-f-SIN^20  ' 

If^-  exceeds  (1),  the  parent  metal  will  yield. 

Op 

Where-^i-  and  (a)  are  material  properties,  and  ^  is 
geometry  dependent,  they  are  quantatively  related  as 
shown  in  Figure  25. 
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The  short,  tapered  cylinder  is  the  transition 
zone  between  the  uniform  cylinder  and  the  elliptical  head. 
Since  the  cylinder  and  head  are  of  different  thickness  and 
therefore  experience  different  membrane  deflections,  the 
discontinuity  is  quite  severe.  Hcwever,  the  addition  of 
the  tapered  section  results  in  total  stresses  which  are 
within  the  required  limits.  Application  of  the  theory  upon 
which  the  discontinuity  stresses  are  found  is  discussed  in 
the  following  pages. 


O/SCO^T/Uunv  <7R.ES5ES  ^  -TAPEi^eO  C'^UfJOSeS 


PC>Q,  A  jHa^Tj  rAP£J^eO  cyLt<JO£Sl  us€c>  as 
THE  Tf^A/</6ir/of<j  Jottyj  ^etia/££*^  A  cyL(fJOR.icAL 
A^eSSC/PE  v'CESEL  Aa/o  A\J  ELLfPT/CAi  ^EAO. 
the  ME^BRAf^S  ^sTP^BSSES  A^^E  - 


cj;=  />°-A 
cr.  (^■^/zt 

y 


To  TH^^E  HtEt-yaf^AKJE  sr^E^jsES  se  acoeo 

THE-  o/.sco^r/'jairy  STRESS es  ouE  to  3^^0f*J<Si 
>\/V/0  O’A/CA'^  -'*</  7^E  i/Ofr^Y, 

CO^AAJ  AQ/LfTy  ^OrJO/TfO^J^  ^EQu/RB  THE 
OCELECTtot^  Aa^O  slope  at  EtTHE/R  Bk/O  oA 
THE  TAAEREO  <^yif^-JOER  SE-  EQu^fAC  To  tHoJE 
OA  the  HEAOC^  AtJO  UK/fPORfH  o'ytHU 
PESPEct,  VECy. 


THE  s>/Jero^T/KJu/Ty  EOC-^B  ^STICARS  AxJJ^ 
HfotHEtJT^  ARE  : 


78 


5K 


3gLUT/0/\/  'I\J  USJ/POJ^t^  CVC/AJOfi^ 

'£?'■  oj^,  -<= 

e  t  ^ 


MtEMSi^AfJG  soLUTio/^l  BlL/PT/CA^L  AVfAO; 


ur  ^  £> 


MEMQ^AfJB  SoLUTiCitJ  W  tAPBi^EO  CYL/kJOE^  f 

VCH 

s:  -r^-V/i') 

~F~^  :?('*'0< 

£>iSCC3K/T/*JuiTy  ySoCuitOKj  f>J  Ui^/PO  Q/<^  CYLti^/OE/^ 
Af^Q  eLLiA>TiCAL  MSAOEf^  ^  •' 


UJ-  = 


UT 


-  t 

5y3’ 


o/:^coxJT/^U/rY  ySoiUT/o^y  /^/  TAPEA^EO  cy4/A/05^  : 


ar'=  r 


S^JvL  ^  c,  ) 


7/MO^l4EKJKa^  r.  :  T/^Eo^y  of^  PLATES  ^  St^ELLS  , 

*^cCreA\n/-/^ILL  EooK,  ^  >^40 

PiUCfCjE^  W.  :  Srt^ESSEZ  S/^ELLS  ^  SPe/^<^EJ^~\/£PLA6,  ^  ie^^O 


79 


^  <r,  '3  ‘^3 "  ®  ^""'3  ^ 

'v  -/^r'-^’’)  ^  ^  ^  i. _ ^OLi^^:' 


^V  /’i-’^^  j  ^  #  •  ^  \ 

^  ^  ■*'‘®  ) 

C^  f-^  ^  ^  >  J 

^  £-eaS.  <f^  T/-iB  CG/^f^ATAe/Lfry 

CO^OiTfG'<J 

j^f  Sf^ALL 

OC  'Ax/^  -o<'<^>5*(u»t/s'^T  ■»  ^  Cv  ■^'^n  ^  ■*' 

/  ^  3lS 

^7-  * 

^t.*  ^  ^  %S‘‘ 

ft'-ZL  ' 

«  '/w, .  q(;q>^  =  (w  '^'1 T  •*'^,  C.  *  ^  Hs 

-w.  ' 

Qc  =  '?,'=,  *  f)<^i 

wneee  oi..  ~  j-(  t-u'^  kt^,  > 

,  *^<  vJ^fTTCtJ  AS  " 

Tf^ese  e/<h^4T  ^ 


y/^t^eeB  ■ 

^ 


80 


WE  sJTE'E^ES  W  THB  TA,P>£I^£0  CVL/tyJO€/^ 
£ier£/^A^/^ED  TWe  ^06rB  /WO 

a^OA-ZCa/T^,  /WO  CO'^STA.^rS  70  C^  A^e  ^OZV^O 

Eto^. 


Ml 

l<9j 


we  tota^l  sy/^ess^s  A^e  w/ea/  t 

-t  V  ^ 

^  zt"  CL  ^  V 

ry  =  £^  +  6  M 
A  ie  - 

ov  TA/e  a’oc^.ovv'-'a/*?;  PAGes  cos^butcq. 

-PiCO  G iA/i^/77'E>a/  Ao^T'C>Aa_/  ^Aa/GC/A  "^o 

Ay/MO  ry^  JTiEET^SE-S  .  OxJC-/  t^PUT  1'^ POf^>-^ATlOrJ 

thB  Oata  :  ^  ^  . 
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PQOGR^!^  TO  comPutB  sreESSBS  /*j  S^RT,  TARB^SO  cyL/kJOB^ 


- _ _ 


A/Arft/V  t^ULT. 

I  ~~ 

<oA-*0cjre  .* 

mcs] 

STOQ.&  /'VJ  ; 

&.~  Ss 


jsE^cecTiy/e  p^//s77 


/'7 

i/7 

3'7 


1 60001 OOOOOOR5 
LOAD  SOURCE  DECK 
THEN  PUSH  START 
3600421 001 OORS 
07176 
4900402 


PROGRAM  TO  COMPUTE  STRESSES  IN  SHORT  T 
DIMENSION  Z(8,8),B(8) 

1  ACCEPT,  TS,TL,XLEN,A,E,P 
XS=(XLEM)/( (TL/TS)-1 .0) 

XL»XS+XLEN 

ALPHA=TS/XS 

0ELTX=XLEN/30.0 

RHO»=SQR(  SQR(  ( 1 0 . 92 )  / (  ALPH A**2 )  )  ) 

FINAL  COEFF.  FOR  MATRIX  Z 
DO  100  Ul,8 
DO  100  J«1,8 
100  Z( 1 ,J)*0.0 
DO  102  U3,8 

102  Z(l,l)«-1.0 
MAY*0 

103  Y«(2.0*RH0)*(SQR(XS/A)) 

THOMSON  FUNCTIONS 

X=(EXP(Y/1.414214))/{SQR(6,2831853*Y)) 
BER=(X)*(C0S((Y/1. 414214)-. 3926991)) 
BEI=(X  ) *(S I N({Y/1. 414214)-. 3926991)) 
BERO=fX  )*(C0S((Y/1-. 414214)+. 3926991)) 
BEID=(X  )*(S1N(<Y/1 .414214)+.3926991)) 


IN  SHORT  TAPERED  CYLINDER 


BERO=(X  )*(COS 
BEID=(X  )*(S1N 
X»(EXP(-Y/1 .411 


X»(EXP(-Y/1. 414214) )*{SQR(1.5707963/Y)) 
CER-(X)*(C0S((Y/1. 414214)+. 3926991)) 

CEU-(X  )*{S1N((Y/1.414214)+.3926991)) 
CERD=-{X)*(C0S((Y/1. 414214)-. 3926991)) 

CE!D=(X  )*(SIN((Y/1.414214)-.3926991)) 

COEFF.  FOR  TAPERED  CYL.,  ORIGIN  AT  SMALL  END  (XS) 
X«1 .0/SQR(XS) 

B(1)»X*BERD 

b(2)=X*BE!D 

B(3)»X*CERD 

B(4)»X*CEI0 

X«.E*(((ALPHA)**3)*(SQR(XS)))/(43.68) 

YS-Y**2 

B(5)  »X*(-(YS)*BE1D+4.0*Y*BE1+8.0*BERD) 

B(6)  »X*((YS)*BERD-4.0*Y*BER+8.0*BEID) 

B ( 7 )  -X*( - ( YS ) *CE I D+4. 0*Y*CE I +8 . 0*CERD ) 

B(8)  «X*((YS)*CERD-4.0*Y*CER+8.0*CEI0) 

IF  (MAY-1)  101,9,101 
Z(5,l)-B  1) 

Z(5,2)-B  2) 

Z(5,5  -B(3 
Z(5,6)«b(4) 

Z(7.1)-B(5) 

Z(7,2)»b(6) 

Z  7.5)-B  7 
Z(7.6)fcB(8) 


Z(6,2: 

Z(6.5! 


-B| 

:5 

1 

-B( 

1 

«B| 

7 

1 

*«B( 

8 

1 

.0)7(2. 0*XS*SQR(XS)) 

-XI  *( 

:2.0*BER0+Y*BEI) 

-XI  *1 

;2.0*BEID-Y*BER) 

-XI  *< 

:2.0*CERD+Y*CEI) 
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c 


c 


c 


c 


c 


c 


104 


105 


106 


107 


loa 

109 

110 

210 

111 


113 


114 


116 

115 


99 


Z(6,6)-X1*(2.0*CEID-Y*CER) 

X« ( E / X 1 ) *  C { { AL  PH  A ) **2 ) *( SQR ( X  S ) ) ) / ( A*6 . 6090846 ) 
Z(8,1)-(Z(6,2)*X) 

Z(8,2)— (Z(6,1)*X) 

ZC8,5)=(Z(6J)*X) 

Z(8,6i»-(Z(6,5)*X) 

IF  (XS-XL)  104,106,104 

COEFF.  FOR  TAPERED  CYL.,  ORIGIN  AT  LARGE  END 

XP«XS 


XS-XL 

00  105  t-1,4 

J=  1  +4 

Z(1,1)=Z(J,1) 

Z(l,2  »Z(J.2) 

Z(I.5)-Z(J.5) 

Z(I,6)=Z(J,6) 

GO  TO  103 

COEFF,  FOR  UNIFORM  CYL.,  ORIGIN  AT  SMALL  END 
D-(E*(TS)**3)/(10.92) 
BETApSQR(SQR((2.73)/((A**2)^(TS**2)))) 
Z{5,7)-{-1.0)/f2.0*(BETA**2)*D) 

Z(5,8)-  ZC5,7)/(BETA) 

Z(6,7)— Z(5.7)*(2.0*BETA) 

2(6.8)— Z(5, 7) 

IF  (TS-TL)  107,108,107 

COEFF.  FOR  HEADER,  ORIGIN  AT  LARGE  END  (XL) 

TS-TL 


Z(1.3}«Z(5.7) 
,4  =- 


Z{1 


Z(5,8) 

-Z(6,7) 


Z(2,3)— Z(6.7 
Z(2,4)»Z(6,8) 
GO  TO  106 


SELECTIVE  PRINT  OF  COEFFICIENT  MATRIX 
IF  (SENSE  SWITCH  1)  109,111 
DO  110  1-1,8 

PRINT,  Z(I,1),Z(I,2),Z(I,3),Z(I,4) 

DO  210  1-1,8 

PRINT,  Z(I,5).Z( l,6),Z(l,7),Z(l ,8) 
MATRIX  INVERSION  (Z)-l 
DO  115  K»l,8 
C-Z(K,K) 

Z(K,K)-1.0 
DO  113  J»1,8 
Z(K, J)»Z(K, J)/C 
DO  115  1-1,8 
IF(i-K)  114,115,114 
C-Z( l,K) 

Z( l,K)»0.0 

DO  116  J-1,8 

Z(I,J)»Z(I,J)-C*Z(K,J) 

CONTINUE 


COEFF.  FOR  B  MATRIX 
TS«ALPHA*XP 
00  99  1-1,8 
B( I )-0.0 

B(2)-(0.85*(A**2)*P)/{TS*XP*E) 

B  ( 5 ) -( ( P*(  A**2 ) )  /( EnL ) ) *{-0. 98) 
B(6)-(B(2))M(TS*XP)/(TL*  XL)) 
MATRIX  MULT. 

DO  117  1-1,8 


(XL) 


(XS) 


C 


C«=Ot  0 

00  217  K-IjS 

217  C^Z(  >  .K)*B(KHC 

117  Z(1,0=»c 

DO  317  1=1,8 
317  B(I)=2(1J) 

C  SELECTIVE  PRINT  OF  ANSWERS 
IF  (SENSE  SWITCH  1)  118,2 

118  PRINT,  B(1),B(2),B(5).B(6} 

PRINT,  b(3),b(4Kb(7),b(8) 

C  HOOP  FORCE  AND  BENDING  MOMENT  IN  TAPERED  CYLINDER 

2  XS=XP 
1=0 
J=1 
K=5 

C1=B(1) 

C2=B(2) 

C3=B(5) 

C4==B(6) 

MAY=1 
GO  TO  103 

9  l«c  I  -fl 

Z(  I  ,J)=((EMLPHAnS)/A)*(C1*B(1)+C2*8(2)+C3*B(3)+CT»*B(4)) 
Z( I ,K)=(C1*B(5)+C2*B(6)+C3*B(7)+C4*B{8)) 

C  PRINT  OF  HOOP  FORCE  AND  BENDING  MOMENT 
PRINT,  XS,Z( 1 ,J) ,Z( I ,K) 

IF  (1-7)  501,501,500 

500  i=0 
J«J+1 
K=K+1 

501  XSoXS+OELTX 

IF  (XS-XL)  103,103,5 

C  TOTAL  STRESSES  IN  TAPERED  CYLINDER 
5  XS=XP 

I  bQ 
J«1 
Kb  5 

3  T«ALPHA*XS 
l-l+l 

IF  (1-8)  503,503,502 

502  1-1 
J— J+1 
K-K+1 

503  SXB-C6.0*Z(I,K))/(T**2) 

IF  (MAY-2)  50lf,505,504 

504  FNTbZ( I ,J)+P*A 
ST0»(FNT/T)-(0.3)*SXB 
STUST0+(2.Q*0.3*SXB) 

GO  TO  506 

505  ST0-((P*A)/(2.0*T))-SXB 
STI-ST0+(2.0*SXB) 

C  PRINT  STRESSES 

506  PRINT,  XS.STO.STI 
XS-XS+DELTX 

IF  (XS-XL)  3.3,507 


87 


507  MAY=MAY+1  ^  ^ 

GO  TO  {1 ,5, 119), may 
PRINT  OF  PARAMETERS 
119  PRINT,  RHO, ALPHA 
PRINT,  XP,XL,DELTX 
GO  TO  1 
FND 


END  Of^  COMPILATION 
LOAD  SUBROUTINE  DECK 

then  push  start 
processing  complete 

TO  EXECUTE  PROGRAM 

load  object  deck 

THEN  PUSH  start 
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This  head  is  purposely  designed  over strength,  so 
that  the  cylinder  is  the  main  object  of  test.  The  maximum 
stresses  occur  in  the  crown  of  the  head  and  are  found  from 
membrane  theory.  The  discontinuity  stresses  near  the  head 
--  cylinder  joint  were  discussed  previously,  and  are  not 
critical  in  the  design  of  the  head. 

The  actual  stresses  for  both  the  20%  nickel  steel 
and  the  titanium  test  chamber  may  be  found  in  the  following 


pages. 
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COEFFICIENT  MATRIX,  COLUMNS  1  TO  4 


Cl 

C2 

M(S) 

Q(S) 

-1 .1820332E+21 
5.0411356E+21 
7.0845768E+24 

1 .5054304E+25 
-4.3985971E+23 
-7.9779954E+23 
-1 . 96001 79E+26 

1 .285195^E+27 

-4.1763329E+21 
-8.6367336E+21 
-1 .7262676E+24 
8.7869781E+24 
9.80081 23E+22 
-5.2655513E+23 
-1 . 045071 3E+27 
-1 .9472392E+27 

-5.7370542E-04 
-1.9040745E-03 
-1.0000000 
.  00000000 
.00000000 
,00000000 
.  00000000 
.  00000000 

3.4571957E-04 
5.7370542E-04 
. 00000000 
-1.0000000 
,00000000 
.00000000 
.00000000 
.00000000 

COEFFICIENT  MATRIX 

,  COLUMNS  5  TO  8 

C3 

C4 

M(L) 

Q(L) 

8.0013036E-26 
-2.1186494E-25 
8.6130592E-23 
9.7346311E-23 
3.6786681E-28 
3.0278018E-28 
-1  .429in3E-24 
3.5977510E-24 

-4.47119696-26 
-5. 5848091 E-26 

1 .416273^E-22 
-3.6929231E-22 
5.7879988E-28 
-1 .4740282E-27 
9.7771454E-25 
7.3901415E-25 

.00000000 
. 00000000 
.00000000 
.00000000 
-4.0970821 E-04 
1.2 5001 76E-03 
-1 .0000000 
,00000000 

.00000000 
.00000000 
.00000000 
. 00000000 
-2.6857352E-04 
4.0970821E-04 
.00000000 
-1.0000000 

CONSTANTS  Cl  TO 
Cl 

1.1723669E-25 


C2 

-2.4857781 E-26 


C3 

*-1.4875195E+22 


C4 

-3.7732181E+21 


EDGE  BEND  IMG  MOMENTS  AND  SHEARS 

M(S)  Q(S)  M(L) 

-.94212480  1.4918470  3.0165041 


Q(L) 

199.01586 
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TAPERED  CYLINDER  HOOP  FORCE  AND  BENDING  MOMENT 


X 


HOOP  FORCE 


BENDING  MOMENT 


16.363639 

16.463639 

16.563639 

16.663639 

16.763639 

16.863639 

16.963639 
17.063639 

17.163639 

17.263639 
17-363639 

17.463639 
17-563639 

17.663639 

17.763639 

17.863639 

17.963639 
18.063639 

18.163639 

18.263639 

18.363639 

18.463639 

18.563639 

18.663639 

18.763639 

18.863639 

18.963639 
19.063639 

19.163639 

19.263639 

19.363639 


-101 .40141 
-63.261667 
-26.895357 
8.4493996 
43.594217 
79.329745 
116.30839 
154.95193 
195.34849 
237.15814 
279.50474 
320.88394 
359.05588 
390.96346 
412.64241 
419.16962 
404.62548 
362.10420 
283.77597 
161.01950 
-15.381966 
-254.88982 
-566.83734 
-959.78117 
-1440.8733 
-2014.8874 
-2683.2292 
-3442.6971 
-4284.0385 
-5190.3993 
-6135.7189 


-.94211674 

-.74963466 

-.49374701 

-.21087809 

6.3552640E-02 

.29434898 

.44571192 

.48063395 

.36046834 

4.4836126E-02 

-.50798983 

-1.3402697 

-2.4931442 

-4,0046303 

-5.9061954 

-8.2192686 

-10.949783 

-14,082757 

-17.575002 

-21.347396 

-25.276690 

-29.185435 

-32.833703 

-35.908576 

-38.016734 

-38.676586 

-37.314091 

-33.261098 

-25.758853 

-13.967708 

3.0171222 


HOOP  STRESSES  IN  TAPERED  CYLINDER 


X 

16.363639 

16.463639 

16.563639 

16.663639 

16.763639 

1 6. 863639 

16.963639 
17.063639 

17.163639 

17.263639 

17.363639 

17.463639 

17.563639 

17.663639 

17.763639 

17.863639 

17.963639 
18.063639 

18.163639 

18.263639 

18.363639 

18.463639 

18.563639 

18.663639 

18.763639 

18.863639 

18.963639 
19.063639 

19.163639 

19.263639 

19.363639 


STRESS  (0) 

208781.03 

208046.79 

207262.43 

206459.26 

205668.11 
204917.96 
204234.88 

203640.76 
203152.09 
202778.57 
202521.45 
202372.07 
202309,61 

202299.43 

202290.63 

202214.38 

201981.68 

201482.03 

200582.21 

199126.18 

196935.63 

193812.26 
189541 .22 
183897.53 
176653.36 
167589,92 

156510.77 

143259.11 

127739.35 

109941.72 

89968.900 


STRESS  (I  ) 

207838.92 

207306.24 
206780.54 
206255.91 
205728.66 

205195.11 

204649.62 

204082.76 

203479.73 

202818.85 

202070.29 

201195.33 

200145.51 

198862.57 

197278.72 

195317.50 

192895.60 

189925.25 

186317.95 
181989.37 
176864.94 
170888.21 
164028.70 

156293.96 
147739.88 

138485.64 

128727.12 

118752.42 

108957.85 
99862,940 

92123.559 


LONGITUDIMAL  STRESS  IN  TAPERED  CYLINDER 


X 

STRESS  (0) 

STRESS  (1) 

16.363639 

106570.19 

103429.81 

16.463639 

105596.48 

103127.97 

16.563639 

104535.31 

102929.00 

1 6 . 663639 

103448,57 

102770.73 

16.763639 

102393.65 

102595.50 

16.863639 

101424.87 

102348.71 

16.963639 

100594.94 

101977.40 

17.063639 

99955.910 

101429.27 

17.163639 

99559.850 

100652.01 

17.263639 

99458.928 

99593.205 

17.363639 

99704.820 

98200.944 

17.463639 

100347.50 

96425.020 

17.563639 

101432.92 

94219.240 

17.663639 

103000.36 

91544.160 

17.763639 

105077.86 

88371.480 

17.863639 

107678.01 

84688.390 

17.963639 

110791.24 

80504.300 

18.063639 

114379.57 

75856.960 

18.163639 

118368,37 

70820.820 

18.263639 

122638.01 

65515.300 

18.363639 

127015.52 

60113.190 

18.463639 

131264.36 

54850.860 

18.563639 

135077.19 

50035.450 

46054.450 

18.663639 

138066.36 

18.763639 

139758.91 

43380.630 

18.863639 

139591.48 

42577.190 

18.963639 

136910.11 

44297.940 

19.063639 

130973.25 

49284.270 

58355.940 

19.163639 

120960.95 

19.263639 

105990.99 

72395.040 

19.363639 

85141.301 

92323.500 

PARAMETERS 

RHO 

ALPHA 

30.020635 

16.363639 

3.666666OE-O3 

19.363639 

.10000000 

X(S) 

X(L) 

DELTA  X 
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COEFFICIENT  MATRIX,  COLUMNS  1  TO  4 


Cl 

-1 .0908724E+08 
-58581871. 
9.1926871E+10 
4,43031 62E+11 
-2.0543814E+10 
-4.0681462E+10 
-1 .2277150E+13 
7.4572424E+13 


C2 

-70423096. 
-3.5192712E+08 
-1 .1766374E+11 
-7.3747147E+10 
5.8648894E+09 
-2.4656585E+10 
-5.8823816E+13 
-1.2303874E+14 


M(S) 

-7.9436130E-04 

-3.2289305E-03 

-1,0000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 


Q(S) 

3.9084760E-04 
7.9436130E-04 
.00000000 
-1.0000000 
. 00000000 
.00000000 
. 00000000 
. 00000000 


COEFFICIENT  MATRI 
C3 

2.2010439E-11 

-3.91342628-11 

-3.7814552E-09 

6.9538193E-08 

3.4450089E-14 

4.0865005E-14 

-1.9293679E-10 

4.9827058E-10 


,  COLUMNS  5  TO  8 
C4 

4.7407521E-12 
-5.5238441E-11 
3.0794682E-08 
-4.9265074E-08 
6.1978780E-14 
-1. 6474791 E-1 3 
1.2630724E-10 
1.2359386E-10 


M(L) 

.00000000 

.00000000 

.00000000 

,00000000 

-3.306394OE-O4 

1.0795168E-03 

-1.0000000 

.00000000 


Q(L) 

.00000000 
.00000000 
.00000000 
. 00000000 
-2.0253952E-04 
3.3063940E-04 
.00000000 
-1.0000000 


CONSTANTS  Cl  TO  C4 

Cl  C2  C3 

1.6828611 E-1 2  -4.4243205E-13  -80057963. 


C4 

-1.0752595E+08 


EDGE  BENDING  MOMENTS  AND  SHEARS 

M(S) 

Q(S) 

M(L) 

Q(L) 

-2.8017330 

.50837288 

5.3688994 

179.87794 
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TAPERED  CYLINDER  HOOP  FORCE  AND  BENDING  MOMENT 


HOOP  FORCE 

BENDING  MOMENT 

5.454545^ 

-252.12573 

-2.8017335 

5,5545454 

-170.65615 

-2.6475425 

5.6545454 

-103.71163 

-2.3216780 

5.7545454 

-49.243589 

-1.8912325 

5.8545454 

-4.6094537 

-1.4108601 

5.9545454 

33.053762 

-.92539065 

6.0545454 

66.548882 

-.47268279 

6.1545454 

98.406507 

-8.6402020E-02 

6.2545454 

130.71485 

.20144674 

6.3545454 

164.97777 

.35845478 

6.4545454 

201.98209 

.35030414 

6.5545454 

241.67428 

.13999257 

6.6545454 

283.02955 

-.31209632 

6.7545454 

323.93026 

-1.0471740 

6.8545454 

361.04400 

-2.1059227 

6.9545454 

389.71885 

-3.5251452 

7.0545454 

403.90611 

-5.3330953 

7.1545454 

396.12688 

-7.5434858 

7.2545454 

357.50272 

-10.147912 

7.3545454 

277.87174 

-13.107076 

7.4545454 

146.01356 

-16.340613 

7.5545454 

-49.983708 

-19.715813 

7.6545454 

-322.20808 

-23.035906 

7.7545454 

-682.21494 

-26.027922 

7,8545454 

-1140.0968 

-28.331122 

7.9545454 

-1703.3822 

-29.487187 

8.0545454 

-2375.6487 

-28.932578 

8.1545454 

-3154.9156 

-25.995174 

8.2545454 

-4031.8787 

-19.896371 

8.3545454 

-4987.8920 

-9.7604802 

8.4545454 

-5992.8715 

5.3666688 
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HOOP  STRESSES  IN  TAPERED  CYLINDER 


X 


STRESS  (0)  STRESS  ( !) 


S,h5hSh5h 

5.55W54 

5.6545454 

5.7545454 

5.8545454 

5.9545454 
6.0545454 

6.1545454 

6.2545454 

6.3545454 

6.4545454 

6.5545454 

6.6545454 

6.7545454 

6.8545454 

6.9545454 
7.0545454 

7.1545454 

7.2545454 

7.3545454 

7.4545454 

7.5545454 

7.6545454 
.7545454 
.8545454 

.9545454 
.0545454 
,1545454 
2545454 


306848.82 

303101.59 

298964.68 

294583.54 
290090.25 

285599.96 

281209.69 

276998.18 

273026.34 

269337.57 
265957.62 
262893.86 
260134.02 

257644.34 
255367.13 
253218.32 

251085.01 

248823.19 

246256.61 

243176.39 

239342.50 

234487,41 

228321.96 

220544.79 

210855.05 

198968.71 

184639.57 

167684.75 

148013.55 

125661.61 

100827.79 


300544.92 

297357.18 

294103.90 

290760.38 

287334.78 
283852.83 
280346.51 

276845.49 
273371.06 
269931.81 

266520.49 
263111.99 

259662.23 
256107.87 

252366.70 

248339.23 

243911.35 

238957.96 

233348.70 

226954.79 

219657.95 

211361.57 

202003.16 

191569.59 

180113.82 

167772.47 

154785.43 

141515.41 

128466.24 

116300.55 

105853.80 
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LONGITUDINAL  STRESS  IN  TAPERED  CYLINDER 


5.^54^45^; 

5.5545454 

5.6545454 

5.7545454 

5.8545454 

5.9545454 
6.0545454 

6.1545454 

6.2545454 

6.3545454 

6.4545454 

6.5545454 

6.6545454 

6.7545454 

6.8545454 

6.9545454 
7.0545454 

7.1545454 

7.2545454 

7.3545454 

7.4545454 

7.5545454 

7.6545454 

7.7545454 

7. 8545454 

7.9545454 
8.0545454 
8*.  1 545454 

8.2545454 

8.3545454 

8.4545454 


PARAMETERS 

RHO 

21.227796 


X(S) 

5.4545454 


STRESS  (0) 

165506.50 

161783.50 
157618.98 
153291.36 
149002.39 
144896.62 

141078.27 

137625.24 

134599.88 

132056.81 

130047.79 

128523.96 

127835.50 

127729.02 

128342.90 
12970c. 44 
131801.45 
134612.33 
138054.53 
141992.73 
146222.22 

150456.43 

154315.97 

157318.96 

158874.27 

158279.44 
154723.05 
147294.49 

135001.76 

116798.72 

91623.310 


ALPHA 

7.3333334E- 


XCD 

8.4545454 


STRESS  ( I) 

1 44493 . 50 

142635.47 

141416.38 

140547.50 
139817.46 

139072.83 

138200.98 

137116.25 
135748.95 
134037.62 
131924.04 
129351.06 
126262.86 

122607.43 

118341.44 
113436.80 

107889.25 
101728.20 
95028.170 
87920.720 
80607.030 
73370.270 
66586.630 
60734.960 
56403.490 
54291.970 

55209.220 

60063.350 

69844.030 

85595.180 

108376.69 


DELTA  X 

.10000000 


CONTROLLED  INGOT  SOLIDIFICATION 


The  research  work  at  Massachusetts  Institute  of 
Technology  on  controlled  ingot  solidification  continued 
during  the  quarter.  Air  melted  ingots  of  AISI  4340  steel 
were  forwarded  to  U.  S.  Steel  Corporation  Research  Labora¬ 
tory*  Monroeville,  Pa.  for  conversion  into  sheet  product. 

Copies  of  M.  I.T.  progress  reports  Nos.  3,  4  and 
5,  covering  the  work  accomplished  during  the  quarter,  are 
included  on  the  following  pages. 


(COPY) 


MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 
Cambridge  39,  Massachusetts 

7  November,  1961 

MONTHLY  PROGRESS  REPORT  NUMBER  3 

PERIOD  COVERED;  1  October  to  1  November 

FROM;  Massachusetts  Institute  of  Technology 

Division  of  Sponsored  Research 
Cambridge,  Massachusetts 

TO;  The  Budd  Company 

Product  Development  Department 
Philadelphia  32,  Pennsylvania 

ATTN;  Mto  R.  C.  Dethloff 

CONTRACT  NO. ;  Budd  Order  GHP-3912  under  Prime  Contract 
DA-36-03A.ORD=3296RD 

TITAL;  Solidification  Control  of  Premium  Quality  Castings 

WORK  COMPLETED  THIS  PERIOD: 

lo  All  air  melted  4340  steel  ingots  have  now  been 
cast.  Complete  chemical  analyses  are  being  obtained  and 
evaluation  studies  are  being  conducted  on  small  sections 
cut  from  the  ingots.  The  ingots  will  be  shipped  for  forg¬ 
ing  within  the  next  week. 

2.  A  second  unidirectional  ingot  was  produced  in  the 
vacuum  furnace.  The  heat  was  entirely  successful. 


Apparatus  for  producing  unidirectional  ingots  in  vacuum  is 
now  in  complete  working  order  and  is  fully  satisfactory  for 
production  of  ingots  for  shipment , 

3c  Melting  stock  originally  procured  for  casting  25 
per  cent  nickel-steel  ingots  will  not  be  used,  Budd  Company 
has  arranged  for  other  material  to  be  shipped  to  M,  I,T, 

When  this  is  received,  ingots  of  the  alloy  will  be  produced, 

4,  The  4340  steel  melting  stock  prepared  for  use  in 
the  vacuum  furnace  has  not  proven  satisfactory.  New  melt¬ 
ing  stock  is  being  prepared  and  production  of  these  ingots 
IS  expected  to  begin  within  the  next  two  weeks. 

WORK  TO  BE  CONDUCTED  DURING  THE  NE}Cr  PERIOD; 

1,  Evaluation  will  be  continued  on  the  ingots  pro¬ 
duced  to  date, 

2,  4340  air  cast  ingots  will  be  shipped  for  forging, 

3,  Another  heat  of  4340  melting  stock  for  the  vacuum 
furnaces  will  be  prepared, 

4„  Heats  of  4340  steel  and/or  25  per  cent  nickel-steel 
will  be  vacuum  melted  and  cast, 

(Signed)  M„  C,  Flemings 
Associate  Professor  of  Metallurgy 
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(COPY) 


MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 
Cambridge  39,  Massachusett  fj 

8  December,  1961 

MONTHLY  PROGRESS  REPORT  NUMBER  4 

PERIOD  COVERED:  1  November  to  1  December 

FROl:  Massachusetts  Institute  of  Technology 

Division  of  Sponsored  Research 
Cambridge,  Massachusetts 

TO:  The  Budd  Company 

Product  Development  Department 
Philadelphia  32,  Pennsylvania 

ATTN:  Mr,  R,  C.  Dethloff 

CONTRACT  NO.:  Budd  Order  GHP-3912  under  Prime  Contract 
DA-36-034-.ORD-3296RD 

TITLE:  Solidification  Control  of  Premium  Quality  Castings 

WORK  COMPLETED  THIS  PERIOD; 

1„  All  air  melted  4340  steel  ingots  have  been  shipped 
to  United  States  Steel  Corporation  for  forging  and  rolling, 

2,  Melting  stock  for  the  25  per  cent  nickel-steel, 
including  the  master  alloys,  was  received  this  period.  The 
complete  chemical  analysis  of  the  iron-nickel  base  material 
ingots  has  not  yet  been  received. 


3o  Vacuum  cast  melting  stock  for  the  4340  steel  vacuum 


ingots  has  been  prepared.  Further  ingot  casting  has  been 
prepared,.  Further  ingot  casting  has  been  delayed  pending 
results  of  chemical  analyses. 

4.  Macrostructures  of  all  air  melted  4340  steel  ingot 
have  been  examined;  photographs  of  all  structures  have  been 
taken.  All  "unidirectional"  ingots  were  composed  entirely 
of  columnar  grain  extending  from  the  bottom  to  the  top  of 
the  ingot  (as  anticipated), 

5.  A  visit  was  made  to  United  States  Steel  Research 
Laboratories  to  discuss  and  establish  procedures  for 
processing  controlled  solidification  ingots  produced  at 
Massachusetts  Institute  of  Technology.  The  attached  memo¬ 
randum  outlines  conclusions  of  that  conference, 

WORK  TO  BE  CONDUCTED  DURING  THE  NEXT  PERIOD: 

1,  Evaluation  will  be  continued  of  ingots  produced  to 

date. 


2,  Additional  heats  will  be  vacuum  melted  and  cast. 


(Signed)  Merton  C,  Flemings 
Associate  Professor  of  Metallurgy 


(COPY) 


MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 
Cambridge  39,  Massachusetts 

5  January,  1962 

MONTHLY  PROGRESS  REPORT  NUMBER  5 

PERIOD  COVERED^  1  December  1961  to  1  January  1962 

FRCM;  Massachusetts  Institute  of  Technology 

Division  of  Sponsored  Research 
Cambridge,  Massachusetts 

TOs  The  Budd  Company 

Product  Development  Department 
Philadelphia  32,  Pennsylvania 

ATTN;  Mr.  R.  C.  Dethloff 

CONTRACT  NO. i  Budd  Order  GHP-3912  under  Prime  Contract 

DA-.36-034-ORD-3296RD 

TITLE;  Solidification  Control  of  Premium  Quality  Castings 
WORK  COMPLETED  THIS  PERIOD; 

1.  Three  heats  of  the  25  per  cent  nickel-steel  were  vacuum 
melted  and  cast.  Two  of  these  were  "non-unidirectional 
ingots,  to  be  rolled  and  tested  for  comparison  purposes 
One  was  cast  in  the  special  ingot  mold  for  "unidirec¬ 
tional"  solidification. 


2. 


The  above  ingots  are  being  analyzed  chemically  and 
metal lographically. 


3  Study  has  been  continued  on  the  ingots  produced  to 

date.  Measurements  are  being  taken  of  the  microstruc¬ 
tures  of  the  4340  air  melted  ingots  to  determine 
dendrite  arm  spacing.  Procedures  have  been  established 
to  evaluate  the  inclusion  content  of  all  ingots  made. 

WORK  TO  BE  CONDUCTED  DURING  THE  NEXT  PERIOD; 

1,  Evaluation  will  be  continued  of  ingots  produced  to 
date. 

2.  Additional  heats  will  be  vacuum  melted  and  cast. 


(Signed)  Merton  C,  Flemings 
Associate  Professor  of  Metallurgy 


WORK  CONTEMPLATED  FOR  THE  NEXT  PERIOD 


Fabrication  and  burst  test  of  the  20"  diameter 
test  chambers  is  expected  to  be  completed  during  the  next 
quarceto  This  estimate  is  based  on  present  delivery 
promises  for  the  titanium  and  207o  nickel  steel  strip,  on 
order  with  prime  producers. 

The  program  being  conducted  jointly  with 
Allegheny-Ludlum  on  evaluation  of  the  207,  nickel  steel  to 
determine  the  optimum  combination  of  cold  reduction  and 
aging  temperature  to  yield  the  best  mechanical  properties 
and  toughness,  will  be  completed  during  the  quarter. 
Material  for  this  evaluation  will  be  taken  from  the  hot 
rolled  band,  which  is  in  process  for  the  20  inch  test 
chambers  at  Allegheny-Ludlum  Steel  Corporation.  Cold 
reduction  processing  of  the  strip  material  for  the  20  inch 
chamber  will  be  based  on  results  of  the  evaluation. 
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DISTRIBUTION  LIST 


Office  of  the  Director  of  Defense  Research 
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Room  3E-1028,  The  Pentagon 
Washington  25,  D„  C, 

ATTN”  Mr,  Jo  C.  Barrett 

Advanced  Research  Project  Agency 
The  Pentagon 
Washington  25,  D,  C. 

ATTNs  Dr,  G.  Mock 
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Army  Research  Office 
Arlington  Hall  Station 
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Department  of  the  Army 
Washington  25,  Do  C, 

ATTN;  ORDTB-Materials 
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ATTN;  RMMP 

Commander 

U,  S,  Naval  Ordnance  Laboratory 
White  Oak 

Silver  Spring,  Maryland 
ATTN;  Code  WM 
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